ABSTRACT: The fabrication of calcium phosphates using biomimetic routes, namely, precipitation processes at body temperature, results in distinct features compared to conventional sintered calcium phosphate ceramics, such as a high specific surface area and micro or nanometric crystal size. The aim of this paper is to analyze the effects of these parameters on cell response, focusing on two bone cell types: rat mesenchymal stem cells (rMSCs) and human osteoblastic cells (SaOS-2). Biomimetic calcium deficient hydroxyapatite (CDHA) was obtained by a low temperature setting reaction, and α-tricalcium phosphate (α-TCP) and β-tricalcium phosphate (β-TCP) were subsequently obtained by sintering CDHA either at 1400 °C or 1100 °C. Sintered stoichiometric hydroxyapatite (HA) was also prepared using ceramic routes. The materials were characterized in terms of specific surface area, skeletal density, porosity and pore size distribution. SaOS-2 cells and rMSCs were seeded either directly on the surfaces of the materials or on glass coverslips subsequently placed on top of the materials to expose the cells to the CaP-induced ionic changes in the culture medium while avoiding any topography-related effects. CDHA produced higher ionic fluctuations in both cell culture media than sintered ceramics, with a strong decrease of calcium and a release of phosphate. Indirect contact cell cultures revealed that both cell types were sensitive to these ionic modifications, resulting in a decrease in proliferation rate, more marked for CDHA, this effect being more pronounced for rMSCs. In direct contact cultures, good cell adhesion was found on all materials, but whereas cells were able to proliferate on the sintered calcium phosphates, cell number was significantly reduced with time on biomimetic CDHA, which was associated to a higher percentage of apoptotic cells. Direct contact of the cells with biomimetic CDHA resulted also in higher ALP activity for both cell types as compared to sintered CaPs, indicating a promotion of the osteoblastic phenotype.
INTRODUCTION
Synthetic bone grafts represent an advantageous alternative to autographs and allographs from various points of view. [1] [2] [3] On the one hand, because they are of synthetic origin, availability is not a concern. Moreover, they do not cause immunogenic reactions or disease transmission. However, despite all these advantages, the success of these synthetic bone grafts depends on their capacity to actively stimulate bone regeneration while maintaining a tight synchronization between bone formation and reabsorption.
Calcium phosphates have been extensively used as bone substitutes. [4] [5] [6] Traditionally, they are obtained by high temperature sintering routes. However, in recent years the potential of using more mild reaction conditions, i.e., biomimetic routes based on dissolution/precipitation reactions that occur at room or body temperature has been disclosed. 7, 8 The reason for this shift is to attempt to mimic the processes by which the human body fabricates the mineral phase in bone, which is also a calcium phosphate. Thus, using biomimetic routes, it is now possible to obtain nanostructured calcium deficient hydroxyapatite materials (CDHA) that are more similar to the mineral phase in bone in terms of morphology, texture, composition, specific surface area and crystallinity. It is hypothesized that, due to the higher reactivity resulting from the mentioned properties, this biomimetic hydroxyapatite, would be more closely recognized by autologous bone and would consequently undergo similar remodeling processes as bone.
The high reactivity of biomimetic CDHA has, however, direct implications when assessing the in vitro cell response to this material. In previous studies, we showed that biomimetic CDHA significantly altered the ionic composition of the cell culture medium, 9 affecting cellular behavior. This was demonstrated by growing cells on porous membranes (inserts) placed on top of the materials to allow ionic and protein exchanges through the membrane but preventing direct contact of cells with the material. 10 effect of the materials' reactivity, the effect of topography was not addressed in this study even if in vivo both, reactivity and topography contribute simultaneously. Moreover, the extent to which these changes could affect cellular behavior compared to traditional sintered calcium phosphates and the relative importance of the composition and surface texture must still be deciphered. Thus, the aim of this work is to investigate how biomimetic and sintered calcium phosphates alter the composition of the cell culture medium and the extent to which this change and the different textural properties affect cell behavior. For this purpose, two cell types that are relevant to the osteogenic process, namely, osteoblastic cells and mesenchymal stem cells, were cultured in direct contact with the surface of the materials and indirectly, i.e., in contact with the media modified by the material but without contacting the surface of the materials. For the indirect studies a novel strategy was explored, in which the cells were seeded on glass coverslips that were placed on top of the materials so that cells could continuously sense the average ionic environment caused by the diffusion of ions in and out of the material. The use of glass coverslips was preferred over the use of commercial
Transwell systems not only for economic reasons but also because it allowed ease monitoring of the cells by optical microscopy. This is not possible when cells are grown on the porous membranes (inserts) of the Transwell systems.
Biomimetic CDHA (Ca 9 (HPO 4 )(PO 4 ) 5 (OH)) obtained by hydrolysis of alpha tricalcium phosphate at 37 °C and sintered α-TCP (α-a 3 (PO 4 ) 2 ) and β-TCP (β-a 3 (PO 4 ) 2 ), both of which were obtained by heat treatment of CDHA, were used as materials. The two sintered materials were chosen based on two considerations: 1) the sintering step results in materials with identical elemental compositions to CDHA (e.g., Ca/P = 1.5), and 2) α-TCP and β-TCP have been widely used as synthetic bone grafts. Moreover, an additional material was prepared as a control, i.e., stoichiometric hydroxyapatite (Ca 10 (PO 4 ) 6 (OH) 2 ), which was obtained by sintering the same reagents used for the fabrication of CDHA.
Advance, Bruker, Karlsruhe, Germany). The diffractometer equipped with a Cu K α X-ray tube was operated at 40 kV and 40 mA. Data were collected in 0.02° steps over the 2θ range of 10 -80°, with a counting time of 2 s per step. For phase identification, the diffraction patterns were compared with the Joint Committee on Powder Diffraction Standards for HA (JCPDS 82-1943) , α-TCP (JCPDS 09-0348) and β-TCP (JCPDS 70-2065). Semi-quantitative X-ray diffraction analysis of the products was carried out using the reference intensity ratio (RIR) method.
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Infrared analyses were performed on a Perkin Elmer Frontier FT-IR spectrometer in the ATR mode to check the typical functional groups present in the samples.
All spectra were obtained in the range of 225-4000 cm
with a spectral resolution of 4 cm −1 by averaging 32 scans. The microstructure of the samples was examined using Scanning
Electron Microscopy (SEM, Zeiss Neon 40, Oberkochen, Germany) at an acceleration voltage of 5 kV after the surface was coated with a thin gold-palladium layer. The surface roughness was characterized by confocal microscopy (Sensofar, PIm 2300), using a 50x magnification and a scanned area of 240 x 180 µm 2 . The specific surface area (SSA) was determined by nitrogen adsorption (ASAP 2020 Micromeritics, USA) using the BrunnauerEmmet-Teller (BET) method. The skeletal density was measured by helium picnometry (AccuPyc 133, Micrometrics, USA). Finally, the porosity and pore size distribution were measured by mercury intrusion porosimetry (MIP; Micromeritics AutoPore IV 9500, USA).
Cell culture study
Primary rat mesenchymal stem cells (rMSCs) were used to evaluate the osteoinductive potential of the different materials, e.g. their capacity to induce the differentiation of undifferentiated stromal cells to the osteoblastic phenotype. The effect of the materials on osteoblastic cells was assessed using human osteoblast-like SaOS-2 cells (ATCC, USA). 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Although SaOS-2 cells are an osteosarcoma cell line, their suitability as osteoblast cell model has been widely demonstrated. [12] [13] [14] SaOS-2 cells were maintained in McCoy's medium (Sigma-Aldrich) supplemented with 10% FBS, 2 mM L-glutamine, penicillin/ streptomycin (50 U/mL and 50 µg/mL respectively) and 20 mM HEPES buffer, all from Invitrogen. rMSCs were isolated from the tibias and femurs of Lewis rats at the Institute for Bioengineering of Catalonia (IBEC) as previously described.
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The mesenchymal stem cell phenotype was previously characterized by flow cytometry. 16 Cells were expanded in Advanced DMEM supplemented with 10% fetal bovine serum (FBS), 2 mM L-glutamine, penicillin/streptomycin (50 U/mL and 50 µg/mL, respectively) and 20 mM HEPES buffer, all from Invitrogen. Cells at passages 4-5 were used in all experiments.
Direct contact cell cultures
The discs were sterilized by immersion in 70% ethanol and rinsed three times with PBS.
Then, the discs (n=3 per each independent experiment) were placed in 24-well plates and incubated with the corresponding complete media overnight. Afterwards, 80 x10 3 cells/well were seeded and incubated for 4 or 6 hours (SaOS-2 cells or rMSCs, respectively), and then cultured up to 7 days; the media was refreshed every day. Tissue culture polystyrene (TCPS) was used as control.
Indirect contact cell cultures
The cells were cultured in indirect contact with the calcium phosphate discs using glass coverslips (d= 8 mm) to determine the effect of ionic exchanges. For this purpose the coverslips were first sterilized by immersion in 70% ethanol, rinsed three times with PBS, and then placed in 48-well plate and incubated with FBS for 4 hours. Subsequently, 20 x 10 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Tissue Engineering overnight. The initial number of each type of cells was determined in a previous assay to prevent confluence and subsequent detachment from the glass coverslips at the end of the assay. The coverslips were then transferred to 24-well plates and placed on top of the sterilized and preconditioned calcium phosphate discs as shown in Figure S1 in the supplementary information (preconditioning was carried out as described in the direct contact assays). The discs remained stable on top of the samples throughout the assay. The cells were incubated for the same time periods as the direct cell cultures, and the media was refreshed every day. Glass coverslips on TCPS were used as the control.
Cell proliferation
The cells were lysed with 300 µL of M-PER® (Mammalian Protein Extraction Reagent, Thermo Scientific, Waltham, MA, USA) after transferring the calcium phosphate discs (direct culture) or the coverslips (indirect cell culture) onto a new 24-well plate at each specified time. Cell proliferation was evaluated at 4 or 6 hours (SaOS-2 cells or rMSCs, respectively), 3 and 7 days of cell culture. At each time point, cells were lysed with 300 µl of MPER The cell number was evaluated using the Cytotoxicity Detection Kit LDH (Roche Applied Science, Penzberg, Germany), according to the manufacturer's instructions. The LDH activity was measured spectrophotometrically at 492 nm with PowerWave HT microplate reader (Bio-Tek Instruments, Inc.). 17 A calibration curve with a decreasing number of cells was prepared to express the results as cell numbers. Finally, the results were expressed as a relative fold change compared to the cell number obtained on TCPS at 4 hours or 6 hours (SaOS-2 cells or rMSCs, respectively). The experiments were performed in triplicate.
Cell differentiation
The alkaline phosphatase (ALP) activity was quantified as a marker of osteogenic differentiation. ALP activity was determined in the same extracts used for the cell proliferation assay, which did not contain osteogenic factors, using a SensoLyte® pNPP Alkaline Phosphate Assay Kit (AnaSpec Inc., CA, USA), according to the manufacturer's instructions. The ALP levels were measured spectrophotometrically at 405 nm using a PowerWave HT microplate reader (Bio-Tek Instruments, Inc.). The results were normalized to the number of cells obtained in the proliferation assay at each corresponding time point and divided by the assay incubation time. The experiments were performed in triplicate.
Cell morphology
Cell morphology in the direct contact test was observed by SEM (Zeiss Neon 40, Oberkochen, Germany) at each specified time point. The cell-seeded discs were washed in PBS (x3) and fixed in a 2.5% glutaraldehyde solution in PBS for 1 h at 4 °C. Subsequently, the fixed samples were washed in PBS (x3) and dehydrated in a 50, 70, 90, 96 and 100% ethanol series. Complete dehydration was achieved in hexamethyldisilazane (HMDS), and the discs were stored inside a desiccator. The dried discs were covered with a thin goldpalladium layer using vapor deposition (EMITECH K950X).
Apoptosis/necrosis assay
Flow cytometry analyses were performed to determine the cell death pathways for both the direct and indirect cell cultures on the CDHA samples. Briefly, either SaOS-2 cells or rMCSs were seeded on CDHA as described above (section 2.3.1. Direct contact cell culture and section 2.3.2. Indirect contact cell culture). After adhesion, the cells were detached with TrypLE (Invitrogen) and centrifuged at 300 rcf for 5 min, followed by rinsing with cold PBS.
Subsequently, the cells were stained with Dead Cell Apoptosis Kit with annexin V-Alexa All incubations were performed in the dark. TCPS and glass coverslips were used as the controls for the direct and indirect contact cell cultures, respectively. Ten thousand events were analyzed on the Gallios Flow Cytometer (Beckman Coulter, Brea, CA, USA) by measuring the fluorescence emission at 530 nm (FL1) and >575 nm (FL4) for annexin V and PI detection, respectively. The samples were analyzed using Summit 4.3 Software.
Measurements of the pH and ion concentrations in the cell culture media
The supernatants of the direct cell cultures were collected at each specified time point.
Firstly, the pH was measured using a selective electrode (CRISON INSTRUMENTS, MultiMeter MM 41). Afterwards, the calcium and phosphorous concentrations in samples that had been diluted 10-fold with 2% ultrapure nitric acid were quantified by inductively coupled plasma-optical emission spectrometry (ICP-OES, Perkin Elmer Optima 3200 RL).
Statistical analysis
The results are displayed as means ± standard errors of the means. The Kruskal-Wallis nonparametric test, followed by the Mann-Whitney test with Bonferroni's correction were used to determine the statistically significant (p-value < 0.05) differences between the means of the different groups.
RESULTS

Material characterization
The XRD results revealed that samples were phase-pure, except for β-TCP, where some additional peaks were visible that represented the presence of traces of hydroxyapatite (~ 5wt%) (Supplementary information, Figure S2 ). Similarly, FTIR results confirmed the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 showed polygonal crystals, with some protuberances in the case of β-TCP due to the lower sintering temperature, with the pores between the crystals resulting from the original interaggregate pores observed in CDHA. As a result, the microscale porosity increased, leading to a sharp monomodal pore size distribution centered at 2.6 µm, which was slightly narrower for α-TCP due to the higher sintering temperature. Sintered HA (Figure 1j and k) also consisted of smooth polygonal crystals, with a sharp monomodal pore size distribution ( Figure 1l ) centered approximately at 1.7 µm. However, the microstructure was more heterogeneous than the other sintered materials because HA was produced by sintering a compacted mixture of CaCO 3 and CaHPO 4 , with different granulometries. Similar values of the average roughness (Sa) were found for the different substrates as displayed in Table 1 , which was consistent with the fact that the same starting powder and L/P ratios were used for their fabrication. In terms of total porosity, CDHA and HA presented the highest porosity values of approximately 50%, whereas β-TCP and α-TCP had porosities ranging between ~30-40% (Table 1) . As expected, the porosities of α-TCP and β-TCP were inversely proportional to the sintering temperature.
Cell proliferation
The efficiency of SaOS-2 cell adhesion in direct cultures after 4 hours was similar in all CaPs, except for β-TCP, where cell adhesion was slightly higher (Figure 2a ). At days 3 and 7, there was a decrease in the number of cells on CDHA, whereas the number of cells increased slightly on α-TCP, β-TCP and HA, but at a much slower rate than on TCPS. Regarding the rMSCs, CDHA and HA showed reduced cell adhesion compared to the other CaPs ( Figure   2b ). Moreover, the number of rMSCs on β-TCP, and more markedly on CDHA, decreased with time. In contrast, the number of cells on α-TCP increased with time, as it did also on HA, although at lower rate. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 was slower than the other groups. Regarding the rMSCs, the initial cell number was similar for all CaPs (Figure 2d ). For CDHA, the number of rMSCs increased at day 3, followed by a decrease at day 7. For β-TCP and HA, the cell number increased at day 3 and remained constant at day 7. α-TCP produced constant cell growth with time, reaching even higher values than TCPS.
Cell differentiation
When the SaOS-2 cells were cultured directly on the substrates in the absence of osteogenic medium, different trends were observed for the different materials (Figure 5a ). Although α-TCP and β-TCP exhibited a maximum activity at day 3, followed by a decrease at day 7, showing similar or smaller values than the control (TCPS), the ALP activity values for cells grown on CDHA continued to increase at day 7, reaching significantly higher values than the other substrates. As expected, the rMSCs had smaller ALP activity values than the SaOS-2 cells. At 6 h, ALP activity in the cells cultured on HA were two-fold higher than the other CaPs and the control (Figure 5d ), but they decreased at 3 and 7 days; the same trend was observed for α-TCP. Although the ALP activity began increasing on -TCP, it was markedly decreased at 7 d. In contrast, rMSCs cultured on CDHA showed a continuous increase in ALP activity during the cell culture.
The ALP activity values for SaOS-2 cells in indirect contact were similar for the different CaPs at all time points (Figure 5c ). Notably, these ALP activity values were slightly lower than the values obtained when cells were in direct contact with the substrates. In contrast, rMSCs in indirect contact did not show any ALP activity at 6 hours and 3 days (Figure 5d ).
Only low ALP activity levels were observed for HA, α-TCP and TCPS at day 7. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 
Apoptosis/necrosis assay
The cell death pathway involved in the CDHA samples was evaluated by flow cytometry. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 and was fostered by the high SSA of the materials and the presence of non-apatitic domains on their crystal surface, giving them a higher reactivity than that of high-temperature sintered materials.
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The ionic reactivity of the different materials with cell culture media in terms of [P i ] also varied depending on the material. P i release was registered for CDHA, which could be explained by the replacement of P i ions on the CDHA crystal surface or lattice structure with ions available in the culture medium, typically carbonate, which is known to replace superficial phosphate.
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The highest P i release observed in advDMEM could be associated to the highest carbonate content in this culture medium compared to McCoy's medium. 10 Interestingly, β-TCP, which is more soluble than CDHA and had a much smaller SSA sequestered both, P i and Ca 2+ from the medium. This behavior could be explained by the dissolution and subsequent reprecipitation of CaP on the recessed regions of the material where supersaturation could most easily be maintained.
In the indirect contact studies, the SaOS-2 cells were able to proliferate on the glass coverslips placed on top of the substrates, in spite of the modifications of the ionic concentrations in the McCoy's culture medium caused by the different materials to varying extents. These results agree with previous studies that suggest that SaOS-2 cells are quite robust in terms of ionic fluctuations. 33 Thus, the effect on cell proliferation when compared to 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Tissue Engineering TCPS was small on HA and α-TCP, where the materials caused slight modifications in calcium and phosphorous concentrations in the cell culture medium, and no difference was observed on β-TCP, despite the stronger ionic fluctuations registered (decrease of both calcium and phosphate concentrations) (Fig. 6) . A significant reduction on the proliferation rate was found only on CDHA, where a strong depletion of calcium and release of phosphate was observed. In contrast, a higher sensitivity to the ionic fluctuations was noticed in the rMSCs. Lower rates of cell proliferation were observed in the indirect culture for all materials except α-TCP, the effects being more marked in the materials where the ionic fluctuations were more pronounced, i.e. beta TCP and especially CDHA. Particularly, for CDHA, although the number of cells increased at day 3, it strongly decreased at day 7. As in the case SaOS-2, this behavior might be associated to the concomitant decrease in Ca 2+ and increase in Pi concentrations, which is in good agreement with previous studies which were reported to reduce cell proliferation both osteoblasts-like cells 25 and MSCs.
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The particular decrease in the number of cells grown in contact with CDHA after the initial cell adhesion was further analyzed by flow cytometry using markers for apoptosis and necrosis to reveal the cell death pathway. The results showed that the direct contact of cells with CDHA induced apoptosis already after a 6 h interaction ( Figure 7 ). rMSCs exhibited a more advanced apoptosis stage, with a permeabilized plasma membrane (late apoptosis), than the SaOS-2 cells (Figure 7d ). Low levels of apoptosis were observed when the cells were cultured on coverslips in indirect contact with CDHA (Figure 7f and h ). This agrees with the results of cell proliferation under this condition (Figure 2c and d) , where cell number increased for SaOS-2 and for rMSCs decreased only at 7 days of culture (Figure 2d ). This suggests that the fluctuations in Ca
2+
and P i impacted on cell proliferation at later stages after cell adhesion, as previously described, 25, 34 and that the induction of apoptosis after 6 h of cell culture was associated to the direct interaction with the substrate.
showed very different trends depending on the test type (direct vs. indirect cell culture) ( Figure 5 ). As expected, rMSCs presented less ALP activity than SaOS-2 cells.
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SaOS-2 cells in the indirect assays showed low and constant ALP levels, whereas the rMSCs had almost non-existent ALP activity. No differences were observed between the different materials, despite the marked differences in Ca 2+ and P i concentrations in the respective cell culture media. The indirect study revealed that direct cell contact with the biomaterial surface and chemistry was a requisite for promoting osteoblast differentiation. This is very relevant for the in vivo application since it evidences that cell differentiation cannot be stimulated by the ionic fluctuations caused by materials in their vicinity. Thus, this prevents undesirable new bone formation in remote areas in a similar way as ectopic mineralization occurs due to the migration of osteoinductive molecules.
Notably higher ALP levels were measured in the direct contact assays, and significant differences were found for CDHA compared to the other materials. The ALP activity of SaOS-2 in direct contact with α-TCP, β-TCP and HA was similar or lower than on TCPS (Figure 5a ), whereas 4-fold ALP activity was recorded on CDHA, with respect to TCPS at day 7, in agreement with previous studies that reported high ALP activity of osteoblastic cells on CDHA.
28
A continuous increase in ALP activity was also recorded for the rMSC cultured on CDHA, similarly to what was observed in other biomimetic substrates like octacalcium phosphate.
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Noteworthy, this increase in ALP activity on CDHA samples in both types of cells coincided with a decrease in cell number. However, although the number of cells was low in these conditions, the ALP activity values were significant when compared to indirect studies where also a decrease in cell numbers was observed. A direct effect of topography cannot be excluded, as it has been identified as a parameter controlling differentiation in both mesenchymal and osteoblastic cells when cultured on inert materials like poly(methyl methacrylate), titanium or titanium oxide, [37] [38] [39] [40] [41] [42] This effect is associated to the increased cytoskeletal tension, which is known to drive osteogenesis. 42, 43 However, the situation is far more complex in highly reactive calcium phoshates. We have shown that the ionic exchange is magnified in materials with high specific surface area (Figure 6 ), and this may result in complex ionic gradients that are difficult to measure. Thus, it could seem contradictory that cells cultured on CDHA, which induced a strong decrease of Ca 2+ in the cell culture medium, presented higher ALP activity, since it is known that Ca 2+ has a stimulatory effect on the differentiation of MSC.
15,26
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